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57 ABSTRACT 
A power transition circuit protects a bipolar-CMOS 
(BiCMOS) circuit during power transitions. Reference 
signals proportional to the voltage supplied to the pro 
tected circuit are monitored, and the power transition 
circuit determines from the voltage differential between 
the reference signals whether a power transition is oc 
curring. If a transition is present, the transition circuit 
disables the protected BiCMOS circuit for as long as the 
power transition exists. An independent input signal 
allows the power transition circuit to disable the pro 
tected BiCMOS circuit in response to other conditions. 

10 Claims, 2 Drawing Sheets 
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BCMOS POWER TRANSiTION CIRCUIT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to electronic circuitry, and 

more particularly to circuitry for protecting bipolar 
complementary metal oxide semiconductor (BiCMOS) 
circuits during power transitions. 

2. Description of the Prior Art 
Many circuits require protection during power transi 

tions, that is, during the short time interval while power 
is being turned on or off. Circuits having both bipolar 
and MOS devices particularly require protection be 
cause the bipolar devices and the MOS devices have 
different characteristics during power transitions. For 
example, data in a BiCMOS static RAM is stored in a 
plurality offlip-flops which are individually selected for 
reading or writing information. In such circuits, the 
voltage levels present during a power transition may be 
sufficient to turn-on the CMOS transistors, but leave the 
bipolar transistors in the circuit essentially off. The 
output levels of the substantially off bipolar transistors 
appear to the remainder of the circuit as legitimately 
"high”. The unintended high outputs may cause the 
CMOS devices in the circuit to enter undefined states. 
In a BiCMOS memory device, these undefined states 
can cause data loss or multiple selects with resultant 
high current and potential damage to the BiCMOS 
chip. 

SUMMARY OF THE INVENTION 

With the present invention, power transitions in a 
BiCMOS circuit are detected by monitoring the voltage 
difference supplied to the bipolar transistors to deter 
mine whether a power transition is present. Because 
CMOS devices are active at lower voltage levels than 
the bipolar transistors, once the bipolar transistors are 
active, all of the semiconductors in the BiCMOS circuit 
will be active. It is only necessary, therefore, to disable 
or protect the BiCMOS circuit until the bipolar transis 
tors are active. 
A BiCMOS protection circuit according to the pres 

ent invention is constructed on the same chip as the 
BiCMOS circuit which is being protected. The present 
invention provides a circuit which generates a first 
reference input signal proportional to the upper power 
supply in the protected circuit and a second reference 
input signal proportional to the lower power supply in 
the protected circuit. The protection circuit determines 
from the first and second reference input signals 
whether a power transition is occurring. If a transition 
is occurring, the protection circuit supplies an output 
that disables memory row decoders and write logic in 
the BiCMOS memory circuit. In addition, the present 
invention allows an independent input signal to over 
ride a determination that no power transition exists, and 
nonetheless protect the BiCMOS circuit. 
The present invention provides automatic protection 

without operatorintervention. When power to the BiC 
MOS circuit is in transition, or when the independent 
signal is present, the output signal from the power tran 
sition circuit protects the BiCMOS circuit. When 
power transition has passed, and when the independent 
input signal permits, the BiCMOS circuit automatically 
resumes normal operation. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a power transition circuit 
shown connected to protect a BiCMOS circuit. 

FIG. 2 is a circuit schematic of the power transition 
circuit. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a semiconductor die 1 that includes a 
BiCMOS circuit 150 to be protected, a generator circuit 
140 and a power transition circuit 2. Die 1 receives 
upper power supply voltage Vcc on line 130 and lower 
power supply voltage Vee online 136. Power transition 
circuit 2 protects circuit 150 during power transitions. 
Circuit 2 includes a monitoring circuit 3 and a disabling 
circuit 4. Generator circuit 140 provides input signals 
on lines 5, 6 to the monitoring circuit 3, and a third input 
signal on line 7 to the disabling circuit 4. From the two 
input signals on lines 5 and 6, the monitoring circuit 3 
determines whether a power transition is occurring and 
therefore whether to disable BiCMOS circuit 150. If 
disabling is required, then circuit 4 causes output signal 
Pup on line 8 to be "0", otherwise Pup is “1”. The third 
input signal on line 7 is connected directly to the dis 
abling circuit and causes output signal Pup to be '0' 
whenever the third signal is present. 

In the preferred embodiment, protected circuit 150 is 
a BiCMOS SRAM. When output Pup on line 8 is “0”, 
circuitry within BiCMOS SRAM 150 disables the 
SRAM memory row decoders (not shown) and write 
logic functions (not shown). A complementary output 
signal Pupb is supplied on line 9 to protected BiCMOS 
circuit 150. 
Generator 140 provides two signals to determining 

circuit 3-first reference Vref-- on line 5 and second 
reference Vref on line 6. An independent input signal 
Vcsm on line 7 is supplied directly to disabling circuit 4. 
Signal Vref- is proportional to the upper power supply 
Vcc on line 130, while signal Vref is proportional to 
lower power supply Vee on line 136. Determining cir 
cuit 3 relies upon the difference in potential between 
Vref and Vref-- in deciding whether power to BiC 
MOS circuit 150 is in transition. Signal Vcsm is any 
signal whose presence the system designer wishes to 
cause protection of BiCMOS circuit 150. 

First and second reference input signals Vref- and 
Vref are obtained from a generator such as that dis 
closed in application Ser. No. 07/151,348 filed Feb. 2, 
1988, entitled "BiCMOS Voltage Reference Genera 
tor,' and commonly assigned. In that application, Vref 
is the reference voltage, approximately 1.25 volts more 
positive than lower power supply Vee. Vref-- is ob 
tained by connecting an emitter follower to emitter 84 
of transistor 80, and is approximately 1 volt less than 
upper power supply Vcc. Input Vcsm is supplied from 
a generator such as that disclosed in application Ser. 
No. 07/151,347, filed Feb. 2, 1988, entitled “Low 
Power Bipolar-CMOS Interface Circuit,” also com 
monly assigned. 

In BiCMOS circuits which include emitter coupled 
logic (ECL) circuits, the bipolar transistors are active 
when Vref+ is 0.3 volts more positive than Vref. Thus, 
to detect a transition it is only necessary to determine 
when (Vref-- CVref--0.3) volts. In this case, determin 
ing circuit 3 causes disabling circuit 4 to make output 
Pup on line 8 to be "0", thus disabling circuit 150. Of 
course, while 0.3 volts difference is satisfactory for 
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ECL, different values will be employed to protect TTL 
or other bipolar configurations. 
FIG. 2 is a detailed schematic of the power transition 

circuit 2. Circuit 2 includes the determining circuit 3 
and the disabling circuit 4. Determining circuit 3 re 
ceives signal Vref-- online 5 and signal Vrefon line 6. 
Signal Vref-- on line 5 is connected to base 12 of bipo 
lar transistor 10, and signal Vrefon line 6 is connected 
to base 22 of bipolar transistor 20. Collector 26 of tran 
sistor 20 is connected to emitter 14 of transistor 10, 
thereby placing transistor 20 in series with transistor 10. 
When the power supplies Vcc and Vee are turned on, 

signal Vrefon line 6 will reach a level sufficient to turn 
on transistor 20 before signal Vref-- on line 5 reaches a 
level sufficient to turn on transistor 10. When transistor 
20 turns on, current from emitter 24 flows into resistor 
28, and transistor 20 will try to saturate. The voltage at 
emitter 24 will be approximately (Vref-0.7) volts, and 
the voltage at collector 26 will be approximately 0.3 
volts (one collector-emitter voltage drop) more positive 
than the voltage at emitter 24. Therefore, the voltage at 
emitter 14 is approximately (Vref-0.7-0.3) volts or 
(Vref-0.4) volts. For transistor 10 to become active, 
the voltage at base 12, Vref--, must exceed the voltage 
at emitter 14 by at least 0.7 volts. Therefore, transistor 
10 turns on only when Vref-->0.7--(Vref-0.4) volts, 
or when Vref-->Vref-0.3 volts. The condition 
Vref-eVref--0.3 volts is referred to herein as the 
"proper' Vref--, Vref relationship. 

Because transistors 10 and 20 are in series, no current 
flows through resistor 18 until both transistors 10 and 20 
are on. Current flow through resistor 18 therefore signi 
fies no power transition, i.e., Vref--2Vref--0.3 volts. 
Transistors 10 and 20 thus provide a NAND function 
on input signals Vref- and Vref. The voltage at collec 
tor 16 is relatively low when the proper Vref--, Vref 
relationship exists, and is relatively high when the rela 
tionship does not exist. 

Collector 16 is connected to the gates 32, 42 of PMOS 
transistor 30 and NMOS transistor 40 in the disabling 
circuit The output of the inverter 35 formed by transis 
tors 30 and 40 is node 37. When the Vref--, Vref rela 
tionship is proper, node 37 is at a CMOS “1” level. The 
signal at node 37 is thus analogous to an AND function 
of Vref- and Vref. 
Node 37 is connected to gate 52 of PMOS transistor 

50 and to gate 82 of NMOS transistor 80. Transistor 50 
is connected as an inverter, with source 54 tied to power 
supply Voc on line 130 and with drain 56 tied to drains 
66, 74 of transistors 60 and 70. When node 37 is '1', 
transistor 80 is turned on and allows transistor 60 and 70 
to function. Transistors 60 and 70 are respectively 
PMOS and NMOS devices whose respective gates 62, 
72 and drains 66,74 are tied together to create another 
inverter 65. 

Transistors 90 and 100 have their respective gates 92, 
102 and drains 96, 104 tied together to form another 
inverter 95. Signal Vcsm on line 7 is connected to the 
inverter 95. Vcsm is a user specified signal employed to 
disable BiCMOS circuit 150 when Vcsm is a '1', i.e., 
when the output signal at node 97 is a “0”. 
The circuit shown in FIG. 2 operates as follows. If a 

power transition is occurring and the user specified 
enable signal Vcsm is active, node 16 will be low and 
input signal Vosm will be high. Thus, node 37 will be 
high and node 97 low. Thus, nodes 62,72 of inverter 65 
are “0” and the output of inverter 65 at node 67 is "l'. 
Because gate 52 of transistor 50 is "high” and source 54 
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4. 
is "high', transistor 50 is off, and does not affect the 
output of inverter 65 at node 67 which maintains a “1”. 
Inverter 115 inverts the output of inverter 65 at node 67. 
Therefore, the output of inverter 115, output Pup on 
line 8, is a "0", disabling the protected circuit. 

Next, assume that input Vcsm on line 7 is "O' (i.e., no 
disable required), but that the Vref--, Vref relationship 
is not proper. The improper Vref--, Vref relationship 
places a “0” at node 37. Transistor 80 is turned off and 
renders inverter 65 inoperative. Vcsm is “0” and the 
output of inverter 95 at node 97 is "1". The “1” output 
from inverter 95 does not change the output of inverter 
65 at node 67 because transistor 80 is off. Thus, Vcsm 
will not affect the output signal from inverter 65. The 
"0" output from inverter 35 turns transistor 50 on, pull 
ing the output of inverter 65 at node 67 up to “1”. Be 
cause drain 66 of transistor 60 is tied to the output of 
inverter 65 at node 67, node 67 is pulled up to a “1”. 
Therefore, the output of inverter 115, Pup online 8, will 
be a “0”, protecting BiCMOS circuit 150. 
Under normal conditions, input Vcsm is "0", and the 

Vref--, Vrefrelationship is proper. Thus, the output of 
inverter 35 at node 37 will be a "1", turning on transis 
tor 80. The output of inverter 95 at node 97 also will be 
a "1". Because gate 52 and source 54 are both "high', 
transistor 50 is turned off and does not disturb output 67 
of inverter 65. Under these conditions, output Pup on 
line 8 is a “1”, allowing BiCMOS circuit 150 to function 
normally. 
The foregoing description has included many details 

to explain the operation and implementation of the cir 
cuit. It will be apparent that variations may be made to 
the disclosed embodiment without departing from the 
scope of the invention as defined in the following 
claims. For example, fewer or more inputs may be mon 
itored to determine whether the protected circuit 
should be disabled. In addition, the disable signal may 
be used to protect the entire BiCMOS or other circuits, 
or merely those portions susceptible to damage during 
power transition. Those skilled in the art will appreciate 
that circuits other than BiCMOS or BiCMOS SRAMs 
may be protected using the present invention, or that 
other input signals may be provided to the present in 
vention to allow for protection under additional condi 
tions. 
We claim: 
1. A protection circuit for protecting a first circuit 

during power transitions, the first circuit being driven 
by a potential difference and fabricated with semicon 
ductors having different characteristics at low voltage, 
comprising: 

monitoring circuit means for monitoring the potential 
difference and generating a first signal when the 
difference exceeds a predetermined value, said 
monitoring means further comprising a first transis 
tor connected in series with a second transistor, the 
first transistor having a control electrode con 
nected to receive an upper voltage, the second 
transistor having a control electrode connected to 
receive a lower voltage, a first resistor serially 
connected between the second transistor and a 
lower potential source, and an upper potential 
source connected to the first transistor, the poten 
tial difference being between the upper and lower 
voltages; 

disabling circuit means coupled to the monitoring 
circuit means, for disabling the first circuit when 
the first signal is not present, whereby the first 
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circuit is disabled during power transitions, said 
disabling means further comprising a first inverter 
connected to receive the first signal from the moni 
toring circuit and a second inverter connected to 
receive a second signal. 

2. A circuit as in claim 1 wherein the first circuit 
comprises a BiCMOS circuit. 

3. A protection circuit for protecting a first circuit 
during power transitions, the first circuit being driven 
by a DC potential difference and fabricated with semi 
conductors having different characteristics at low volt 
age, comprising: 

(a) monitoring circuit means for monitoring the po 
tential difference and generating a first signal when 
the DC difference exceeds a predetermined value, 
the monitoring means comprising: 

O 

15 

(i) a first transistor connected in series with a sec- . 
ond transistor, the first transistor having a con 
trol electrode connected to receive an upper 
voltage, the second transistor having a control 
electrode connected to receive a lower voltage, 
the DC potential difference being a difference 
between the upper and lower voltage; 

(ii) a first resistor serially connected between the 
second transistor and a lower potential source; 
and 

(iii) an upper potential source connected to the first 
transistor; and 

(b) disabling circuit means coupled to the monitoring 
circuit means, for disabling the first circuit when 
the first signal is not present, whereby the first 
circuit is disabled during power transitions, the 
disabling circuit means comprising: 
(i) a first inverter connected to receive the first 

signal from the monitoring circuit; 
(ii) a second inverter connected to receive a second 

signal; and 
(iii) a third inverter connected to receive a second 

inverter output signal from the second inverter. 
4. A protection circuit for protecting a first circuit 

during power transitions, the first circuit being driven 
by a DC potential difference and fabricated with semi 
conductors having different characteristics at low volt 
age, comprising: 

(a) monitoring circuit means for monitoring the DC 
potential difference and generating a first signal 
when the difference exceeds a predetermined 
value, the monitoring means comprising: 
(i) a first transistor connected in series with a sec 
ond transistor, the first transistor having a con 
trol electrode connected to receive an upper 
voltage, the second transistor having a control 
electrode connected to receive a lower voltage, 
the DC potential difference being a difference 
between the upper and lower voltage; 

(ii) a first resistor serially connected between the 
second transistor and a lower potential source; 
and 

(iii) an upper potential source connected to the first 
transistor; and 

(b) disabling circuit means coupled to the monitoring 
circuit means, for disabling the first circuit when 
the first signal is not present, whereby the first 
circuit is disabled during power transitions, the 
disabling circuit means comprising: 
(i) a first inverter connected to receive the first 

signal from the monitoring circuit; 
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6 
(ii) a second inverter connected to receive a second 

signal; and 
(iii) a third inverter connected to receive a second 

inverter output signal from the second inverter, 
(c) a first control transistor connected to receive the 
upper voltage, connected to the first inverter, and 
connected to a third inverter output node. 

5. A circuit as in claim 4 further comprising: 
a second control transistor connected between the 

third inverter and the lower voltage and to the first 
inverter. 

6. A protection circuit for protecting a first circuit 
during power transitions, the first circuit being driven 
by a first DC potential difference and fabricated with 
semiconductors having different characteristics at low 
voltage, comprising: 

generating circuit means for generating a second DC 
potential difference proportional to the first poten 
tial difference; 

monitoring circuit means for monitoring the second 
DC potential difference and generating a first sig 
nal when the second DC potential difference ex 
ceeds a predetermined value, said monitoring 
means further comprising a first transistor con 
nected in series with a second transistor, the first 
transistor having a control electrode connected to 
receive an upper voltage, the second transistor 
having a control electrode connected to receive a 
lower voltage, a first resistor serially connected 
between the second transistor and a lower potential 
source, and an upper DC potential source con 
nected to the first transistor, the second DC poten 
tial difference being a difference between the upper 
and lower voltages; 

disabling circuit means coupled to the monitoring 
circuit means, for disabling the first circuit when 
the first signal is not present, whereby the first 
circuit is disabled during power transitions, the 
disabling circuit means further comprising a first 
inverter connected to receive the first signal from 
the monitoring circuit and a second inverter con 
nected to receive a second signal. 

7. A circuit as in claim 6 wherein the first circuit 
comprises a BICMOS circuit. 

8. A protection circuit for protecting a first circuit 
during power transitions, the first circuit being driven 
by a first DC potential difference and fabricated with 
semiconductors having different characteristics at low 
voltage, comprising: 

(a) generating circuit means for generating a second 
DC potential difference proportional to the first 
DC potential difference; 

(b) monitoring circuit means for monitoring the sec 
ond DC potential difference and generating a first 
signal when the difference exceeds a predeter 
mined value, the monitoring means comprising: 
(i) a first transistor connected in series with a sec 
ond transistor, the first transistor having a con 
trol electrode connected to receive an upper 
voltage, the second transistor having a control 
electrode connected to receive a lower voltage, 
the DC potential difference being a difference 
between the upper and lower voltages; 

(ii) a first resistor serially connected between the 
second transistor and a lower potential source; 
and 

(iii) an upper potential source connected to the first 
transistor; and 
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(c) disabling circuit means coupled to the monitoring 
circuit means, for disabling the first circuit when 
the first signal is not present, whereby the first 
circuit is disabled during power transitions, the 
disabling circuit means comprising: 
(i) a first inverter connected to receive the first 

signal from the monitoring circuit; 
(ii) a second inverter connected to receive a second 

signal; and 10 
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8 
(iii) a third inverter connected to receive a second 

inverter output signal from the second inverter. 
9. A circuit as in claim 8 further comprising a first 

control transistor connected to receive the upper volt 
age, connected to the first inverter, and connected to a 
third inverter output node. 

10. A circuit as in claim 9 further comprising a second 
control transistor connected between the third inverter 
and the lower voltage and to the first inverter. 
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